SUMMARY Forty children who had had artificial ventilation during the neonatal period were studied at the age of 8-10 years with spirometry, the nitrogen washout test, bicycle exercise test, pulse oximetry, electrocardiogram, vectorcardiogram, and chest radiography. The median gestational age at birth was 29 weeks, and the median birth weight was 1310 g. Hyaline membrane disease was the indication for neonatal ventilation in 25 children. Bronchopulmonary dysplasia was diagnosed from radiographs in 11 infants (27%).
The long term effects on pulmonary function of ventilation during the neonatal period that have been reported are airways obstruction, bronchial hyper-reactivity, hyperinflation, and oxygen desaturation at maximum work load.16 In our longitudinal follow up studies of preterm infants we have reported persistent radiographic lung abnormalities at 6 years of age in 10 of 14 children who had bronchopulmonary dysplasia as neonates.7 When the children were old enough to cooperate satisfactorily in extended lung function studies (that is, at 8-10 years of age), we performed the present study that was designed to evaluate the long term association between ventilation of preterm infants in the neonatal period and later pulmonary function, chest radiography, and electrocardiography.
Patients and methods
During a two and a half year period 48 preterm infants weighing below 2500 g at birth survived neonatal diseases after treatment with pressure generated ventilation through a nasotracheal tube.
The results of respiratory function tests carried out during infancy and at the age of 6 years have previously been reported.7 8 One of the children died of the sudden infant death syndrome, four moved from the region, two refused to enter the present follow up study, and one could not do the tests because of tetraplegia. Clinical data on the remaining 40 children are shown in table 1.9
In the previous studies7 8 the infants were divided into three groups based on the radiological findings soon after they were taken off the ventilators: normal; mild interstitial parenchymal abnormalities; and, bronchopulmonary dysplasia stages III or IV according to the classification of Northway.'0 In the present study the first two groups have been combined as group 1, and the third group becomes group 2. Bronchial asthma was present in other members of the families of two children in group 2 and four in group 1. There were habitual smokers in the families of five children in group 2 and 21 in group 1.
Lung function studies included vital capacity (VC) and forced expiratory volume in one second (FEVy), Children with abnormal chest radiographs at follow up had been ventilated for longer than those with normal radiographs (p=0-002). The duration of ventilation for all children correlated with FEV, (rs=-0-33, p=0-04) and VC (rs=-0-35, p=004). The correlations between gestational age and birth weight and FEV, or VC did not reach significance, though gestational age and birth weight had been significantly lower in children who had abnormal chest radiographs at follow up (p=0-04 and p=0-02, respectively Oxygen saturation during work was significantly lower in both group 2 (p=0-009) and group 1 (p=0.0004), with a decrease of more than 4% in 11 of the 31 children tested (fig 2) . Oxygen saturation was less than 95% during maximal exercise in 16 children; in two it was below 96% at rest (93 and 90-5%, respectively), decreasing during work to 90 and 84%, respectively. In all children, oxygen saturation increased again after exercise towards the pretest value, which was reached within four minutes in 11 of 18 children. 13 
SYMPATHOMIMETICS
After terbutaline inhalation FEV1 increased significantly (p=0O008) (table 3). In five children in group 2 and four in group 1 the increase was over 10%. A During the first two years the compliance normalised in all children, while resistance remained abnormal in half the children in group 2. Until 2 years of age bronchitis was frequent in children who had been treated on ventilators for more than two weeks, and especially in the children in group 2.7 At 4-6 years of age, chest radiographs showed interstitial fibrosis and local areas of hyperinflation, again predominately in children in group 2. This follow up investigation at 8 to 10 years of age shows airway obstruction with general hyperinflation measured as abnormal FRC, and seen on chest radiographs.
The airway obstruction and hyperinflation seen in our children are similar to those seen in earlier studies of preterm infants treated with artificial ventilation and followed up at more than 5 years of age (Rutishauser M and Hug-Batscheler H. Presented at European Paediatric Respiratory Society VI meeting, Helsinki, 1987).1 35 15-17 In some studies, in which the children examined had been more mature at birth, such abnormalities were either less pronounced2 1820 or did not differ from those in premature children born without lung disease.4 6 21
Confirming other reports,17-20 the radiographs showed mild fibrosis and local hyperinflation. The predominant general hyperinflation found in our Table 4 Comparison between results ofchest radiography in the neonatal period and those at -10 years ofage group.bmj.com on May 28, 2017 -Published by http://adc.bmj.com/ Downloaded from patients has previously been reported in three preterm children aged 3 to 5 years.22 It has also previously been seen in a long term follow up of children who had had tracheostomies during the first year of life.23 The higher FRC seen in our children with hyperinflation emphasises the significance of this radiographic observation.
In contrast to our findings in group 2, signs of right ventricular hypertrophy have previously been reported in 30-70% of children with bronchopulmonary dysplasia. 5 17 24 The effects of P2 sympathomimetic drugs have previously been reported to vary in children with bronchopulmonary dysplasia3 5 but we noted a positive effect in patients with bronchopulmonary dysplasia or abnormal spirometry, or both.
The observed super normal maximum working capacity probably represents normal maximum working capacity. According to our experiences of routine progressive exercise tests, Swedish children today exceed the normal values of British children 20 years ago.1' Although lung function and chest radiographs were more abnormal in children in group 2 than in group 1, the maximum working capacity did not differ between the two groups. The significant decrease in oxygen saturation during exercise in both groups was similar to that observed by others.19 25 Further interpretation of our results will require additional studies. Previously only one group has reported an association between neonatal and late lung functionthat is, the development of severe airway obstruction at 9 years of age in three children with large FRC and low compliance in infancy.5 We found high respiratory resistance in the neonatal period and persisting airway obstruction at 8 to 10 years in our children with both mild and severe neonatal lung disease. These observations support previous suggestions that not only degree of prematurity and severity of neonatal lung disease but also duration and probably mode of treatment by ventilator contribute to impaired airway development.6 28
In conclusion, most of our children had no regular respiratory disorders at 8 to 10 years of age. Our findings of airway obstruction, hyperinflation, and impaired oxygenation during exercise, however, as possible long term effects of neonatal ventilation, may imply a certain risk of future respiratory dysfunction. We therefore plan a pulmonary function and radiographic follow up of the same series in the teenage period. The beneficial effect of 132 sympathomimetics on airway obstruction suggests bronchodilator treatment to be an alternative worth consideration during airway infection. 
